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Preface
This is the ﬁfth installment in the Discrete Applied Mathematics series on computational molecular biology, which is
devoted to combinatorial and algorithmic techniques in computational molecular biology. This series publishes novel
research results on the mathematical and algorithmic foundations of the inherently discrete aspects of computational
biology. The previous volumes in the series were Volume 71, Issues 1–3 (December 1996), Volume 88, Issues 1–3
(November 1998), Volume 104, Issues 1–3 (August 2000), and Volume 127, Issue 1 (April 2003).
The current issue contains 15 papers covering a rich spectrum of computational problems motivated by molecular
biology. The application areas within biology that give rise to the problems studied in these papers include genome
rearrangements, protein and RNA folding, sequence analysis and motif ﬁnding, phylogeny, DNA chips, and haplotype
analysis. The mathematical techniques used are algorithmics, statistics, combinatorics, optimization, probability, graph
theory, complexity and applied mathematics. Below is a brief description of each paper.
Tannier, Bergeron and Sagot develop a novel and surprising algorithm for sorting a permutation by reversals, a
fundamental problem in genome rearrangements, that has been under study for over a decade. They give the ﬁrst
subquadratic algorithm for the problem.
Alcon, Cerioli, de Figueiredo, Gutierrez and Meidanis deﬁne loop graphs, a class of graphs aimed to model DNA
sequences with repeats. They characterize the subclass of loop graphs that are trees, and give a polynomial recognition
algorithm for graphs in the subclass.
Berman, DasGupta and Sontag study a problem of obtaining as much information about a system of interest by
making few queries. One biological application is revealing gene regulatory relations from expression proﬁles. They
recast the problem as set multicovering and study its approximation.
Akutsu, Bannai, Miyano and Ott study a problem arising in motif ﬁnding. Given positive and negative examples of
sequences, the goal is to ﬁnd a motif (position weight matrix) that discriminates between the two sets of examples. The
authors show that the problem is polynomial for bounded-length motifs but NP-hard in general.
Sequencing by hybridization (SBH) continues to be a source of fascinating problems for theorists. Skiena and Snir
propose to increase the power of SBH spectra by adding information on restriction digest fragment sizes for several
restriction enzymes. They study the problem both theoretically and in simulations.
Gusﬁeld, Hickerson and Eddhu study a problem in phylogeny. When the data do not admit a tree phylogeny,
recombinations may be added to the scenario. The authors give a lower bound on the number of such recombinations
and study the problem empirically in simulations.
Berman, DasGupta, Mubayi, Sloan, Turan and Zhang provide a polynomial time algorithm for the 2D inverse protein
folding problem, as well as an NP-completeness proof for the 3D variant of the canonical inverse protein folding model
of Shahknovich and Gutin. In addition, they provide the ﬁrst polynomial-time approximation scheme in the literature
for a 3D model of the inverse protein-folding problem.
Apostolico and Pizzi provide an efﬁcient solution to the problem of computing the probabilities of occurrences within
k mismatches of all m-character substrings of a sequence. Dynamic programming is used to obtain a sub-quadratic time
algorithm for the problem. Monotonic correction factors are key to creating space-efﬁcient data structures for ﬁnding
motifs and promoters in biological sequences.
In their paper, Gramm, Nierhoff, Sharan and Tantau study a variant of the haplotyping reconstruction problem that
addresses the missing data problem. The strategy is based on a polynomial time ﬁxed-parameter algorithm for the
“perfect path phylogeny” problem, introduced and solved in the paper.
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The paper by Klau, Rahmann, Schliep,Vingron and Reinert focuses on the problem of selecting a set of probes (short
oligonucleotides) that would identify a set of genetic sequence targets by the probe-target hybridization pattern. The
problem considered involves non-unique probes. The authors present an integer linear programming/branch-and-cut
approach to selecting a minimal set of probes that allows effective target detection.
The paper by Clote, Kranakis, Krizanc and Stacho studies the expected maximum number of base pairs in secondary
structures for random RNA sequences. The authors prove a theorem describing an asymptotic limit for the mean and
standard deviation of free energy per nucleotide as computed by mfold.
In their paper, Bansal, Cieliebak and Liptak study submass-ﬁnding problem motivated by mass-spectrometry ap-
proaches to protein identiﬁcation. They present a novel approach to this problem which often outperforms the naı¨ve
algorithms. The main idea is similar to using generating functions and relies on Fast Fourier transform.
The paper by Stefanov, Robin, and Schbath studies the waiting times associated with occurrences of two types of
motifs in a random sequence. Distributional results for structured motifs are important because such motifs represent
potential promoters. As an application, the authors identify signiﬁcant structured motifs in a set of regulatory DNA
sequences.
The paper by Chor, Hendy and Penny studies the problem of ﬁnding the maximum likelihood tree of three species
under a molecular clock symmetric model of substitution of 2-state characters. The authors provide analytical solutions
for any distribution of rates across sites, provided themoment generating function of the distribution is strictly increasing
over the negative real numbers.
The paper by King and Gaborit studies comma-free DNA codes using binary templates. Comma-free codes were
introduced by Crick, Grifﬁth and Orgel as a model for a non-overlapping, self-synchronizing genetic code. The authors
demonstrate the existence of an inﬁnite family of binary templates with certain characteristics and further provide an
explicit construction of such binary templates.
In conclusion, we can only reiterate and strengthen our words from the introduction to the previous volume: the
vision of the “marriage” between mathematics and biology, which was behind the idea of starting this series more
than 10 years ago, has become a reality. Today the development of biology and medicine depend to a tremendous
extent on using computers for data handling and for sophisticated analysis. Biology continues to be a wonderful source
of computational problems and challenges to the theorist and the practitioner in computer science, mathematics and
statistics. In return, the theory developed on those problems leads to practical tools that advance the biological and
medical research.
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